Background and objectives: Coagulase-negative Staphylococcus species is the most common cause of peritoneal dialysisrelated peritonitis; however, the optimal treatment strategy of coagulase-negative Staphylococcus species peritonitis remains controversial.
P
eritonitis is a serious complication of peritoneal dialysis (PD) and probably the most common cause of technique failure in PD (1) (2) (3) (4) (5) . In the United States, 18% of the infection-related mortality in PD patients is the result of peritonitis (6) . Although fewer than 4% of the peritonitis episodes resulted in death (7), peritonitis is a "contributing factor" in 16% of deaths of patients who are on PD (8) . In Hong Kong, peritonitis is the direct cause of death in Ͼ16% of PD patients (9) .
Gram-positive organisms remain the most common bacteriologic cause of PD-related peritonitis (1, 5, 10) ; coagulase-negative Staphylococcus species (CNSS) accounted for nearly half of all Gram-positive episodes (11, 12) , although it is less common a cause of mortality as compared with Gram-negative peritonitis (12) . It is commonly believed that CNSS peritonitis is primarily due to touch contamination and is generally a mild form of peritonitis that responds readily to antibiotic therapy (13) . Current guideline for the management of CNSS peritonitis by the Ad Hoc Advisory Committee on Peritonitis Management recommends single effective antibiotics therapy, for example, cefazolin or vancomycin, for 2 wk (13) . In methicillin-sensitive organisms, cefazolin has been shown to have equivalent results to vancomycin (14, 15) and is usually the agent preferred so that excessive use of vancomycin could be minimized (13) ; however, the optimal treatment strategy of CNSS peritonitis remains controversial. The current treatment recommendation by the Ad Hoc Advisory Committee was largely based on small studies and expert opinion (13) . Many dialysis programs have a high rate of methicillin-resistant organisms (16 -18) . Using cefazolin as the first-line antibiotic for Gram-positive organisms may theoretically result in delaying the use of effective treatment, and vancomycin is often considered the only appropriate first-line coverage for Gram-positive organisms in centers with a high incidence of methicillin resistance (12, 18) . In this study, we reviewed the clinical course and therapeutic outcome of 232 consecutive episodes of CNSS peritonitis in a large unselected cohort of PD patients over 12 yr. We aimed to identify key factors that could improve the treatment outcome of this common complication of PD.
Concise Methods
All PD patients of our center gave written consent for reviewing their clinical data when they entered the dialysis program. All episodes of PD peritonitis in our unit from 1995 to 2006 were reviewed. The diagnosis of peritonitis was based on at least two of the following (19, 20) : (1) abdominal pain or cloudy peritoneal dialysis effluent (PDE); (2) leukocytosis in PDE (white blood cell count Ͼ100/ml); and (3) positive Gram stain or culture from PDE. Episodes with peritoneal eosinophilia but negative bacterial culture were excluded. Exit-site infection was diagnosed when there was purulent drainage, with or without erythema, from the exit site (21) . In this review, relapse peritonitis was defined as an episode that occurred within 4 wk of completion of therapy of a previous episode with the same organism (or culture negative) (13) . Recurrent peritonitis was defined as an episode that occurred within 4 wk of completion of therapy of a previous episode but with a different organism (13) . Complete cure was defined as complete resolution of peritonitis by antibiotics alone without relapse or recurrence within 4 wk of completion of therapy. Repeat peritonitis was defined as an episode that occurred Ͼ4 wk after completion of therapy of a previous episode with the same organism (13) .
In the 12-yr study period, 2037 episodes of peritonitis were recorded; 254 (12.5%) episodes were caused by CNSS. Twenty-two episodes were excluded from analysis because PDE culture showed mixed bacterial growth. The case records of the remaining 232 episodes in 155 patients were reviewed. The demographic characteristics, underlying medical conditions, previous peritonitis, recent antibiotic therapy, antibiotic regimen for the peritonitis episode, requirement of Tenckhoff catheter removal, and clinical outcome were examined.
Microbiological Investigations
Bacterial culture of PDE was performed by BacTAlert bottles (Organon Teknika Corp., Durham, NC). Species identification was performed by the API 20E identification system (BioMerieux, Marcy l'Etolie, France). We further reviewed the 99 consecutive episodes from 2000 to 2006 for which records on antibiotic sensitivity were available. Antibiotic sensitivity was determined by disc-diffusion method according to the National Committee for Clinical Laboratory Standard (22).
Clinical Management
Peritonitis episodes were treated with standard antibiotic protocol of our center at that time, which was changed systemically over time. Initial antibiotics for peritonitis were generally intraperitoneal administration of a third-or fourth-generation cephalosporin, with or without intermittent vancomycin every 5 d, or cefazolin as continuous administration plus an aminoglycoside or ceftazidime (5) . The dosages of vancomycin and cefazolin followed the contemporary guideline (13) . During the review period, two clinical trials on monotherapy of peritonitis by cefepime and imipenem/cilastatin had been conducted in our center (23, 24) ; 45 episodes in this review were therefore treated initially with a regimen other than cefazolin and vancomycin. Antibiotic regimens for individual patients were modified when culture results were available.
When the initial antibiotic was cefazolin and the PDE did not clear up on day 5 (or methicillin-resistant species was identified from PDE before day 5), the antibiotic was changed to vancomycin. Primary response was defined as resolution of abdominal pain, clearing of dialysate, and PDE neutrophil count Ͻ100/ml on day 10 with antibiotics alone. In general, patients received effective antibiotic for 14 d. In 32 (13.8%) episodes, the effective antibiotic was continued for a total of 21 d. The decision of a 3-wk course of treatment was judged clinically by an individual nephrologist, usually because of a slow initial clinical response, concomitant exit-site infection, or the episode's being a relapse or repeat one. When the PDE did not clear up after 5 d of effective antibiotics, the Tenckhoff catheter was removed irrespective of the in vitro sensitivity of the bacterial strain and effective antibiotic was continued for another 2 wk.
Tenckhoff catheters were removed and patients were put on temporary hemodialysis when peritonitis failed to resolve with antibiotics. Tenckhoff catheter reinsertion was attempted in all cases. In our locality, as described in our previous study (4) , patients were switched to long-term hemodialysis only when attempts of Tenckhoff catheter reinsertion failed because of peritoneal adhesion or when there was ultrafiltration failure as a result of peritoneal sclerosis. All of the patients were followed for at least 3 mo after their treatment completed.
Statistical Analyses
Statistical analysis was performed by SPSS 10.0 for Windows software (SPSS, Chicago, IL). All data are expressed as means Ϯ SD unless otherwise specified. Data were compared by 2 test, Fisher exact test, and t test as appropriate. P Ͻ 0.05 was considered significant. All probabilities were two-tailed.
Results
From 1995 to 2006, 2037 episodes of PD-related peritonitis were recorded in our unit. The overall peritonitis rate was 21.3 patient-months per episode. We reviewed 232 (11.4%) episodes of CNSS peritonitis in 155 patients. Of these, 111 patients had one episode, 22 patients had two episodes, and 22 patients had three or more episodes. The absolute rate of CNSS peritonitis was 0.064 episodes per patient-year of treatment. There was a substantial decline in the absolute incidence of CNSS peritonitis in the late 1990s ( Figure 1) ; however, the proportion of PDrelated peritonitis that was caused by CNSS remained static during the study period.
The demographic and baseline clinical data of the 155 patients are summarized in Table 1 . In 22 (9.5%) episodes, there was concomitant exit-site infection. It is important to note, however, that CNSS was isolated in only two episodes. The Figure 1 . Absolute peritonitis rate of coagulase-negative Staphylococcus species (CNSS) peritonitis during the 12-yr study period. Ⅺ, methicillin-sensitive strains; f, methicillin-resistant strains; u, from 1995 to 1999: total rate irrespective of sensitivity to methicillin. bacteriologic cause of exit-site infection is summarized in Table 2 .
Of the 232 episodes, 25 (10.8%) developed when the patient was hospitalized for other medical reasons. In another 37 (15.9%) episodes, the patient had had hospitalization within 30 d before the onset of CNSS peritonitis. There was a history of antibiotic therapy within 30 d before the onset of CNSS peritonitis in 91 (39.2%) episodes. Antibiotics were given in 34 (14.7%) cases for a recent peritonitis episode, in 17 (7.3%) cases for recent exit-site infection, and in 40 (17.2%) cases for unrelated medical reasons. In 12 (5.2%) cases, the patient received two or more antibiotics within 30 d before the onset of Staphylococcus aureus peritonitis.
Clinical Outcome
The overall primary response rate was 95.3%; the complete cure rate was 71.1%. The clinical outcome is summarized in Figure 2 . Six (2.6%) patients died during the treatment of peritonitis (see Figure 1) . Nonetheless, only one patient died of CNSS peritonitis per se; other causes of death were nosocomial pneumonia (two cases), myocardial infarction (two cases), and stroke (one case). Tenckhoff catheter removal was needed in five (2.2%) episodes; resumption of PD was possible in four patients after 3 to 4 wk of temporary hemodialysis.
We then analyzed the predicting factor of treatment response. Patients with recent hospitalization had a lower primary response rate as compared with the others (88.5 versus 97.2%; P ϭ 0.018), but the complete cure rate was similar. In contrast, patients with recent antibiotic exposure had a marginally lower complete cure rate as compared with the others (63.7 versus 75.9%; P ϭ 0.054), but the primary response rate was similar. Episodes that were treated with cefazolin as the initial antibiotic had a similar primary response rate as those that were treated with vancomycin or other antibiotics from the beginning (95.5 versus 94.7 and 95.6%, respectively; overall 2 test P ϭ 0.9), and the complete cure rate was also similar (71.4 versus 68.0 and 75.6%, respectively; overall 2 test P ϭ 0.7). For the same patient who had more than one episode of CNSS peritonitis, subsequent episodes had a marginally lower primary response rate than the first episode (92.2 versus 100%; P ϭ 0.085), but the complete cure rate was similar (62.3 versus 61.4%; P ϭ 0.9). There was no difference in primary response rate (95.0 versus 96.9%; P ϭ 0.9) or complete cure rate (70.5 versus 75.0%; P ϭ 0.7) between episodes that were treated with 2 and 3 wk of antibiotics. Age, diabetic status, Charlson comorbidity score, and concomitant exit-site infection did not significantly affect the primary response rate or complete cure rate (data not shown).
Methicillin Resistance
As described in the Materials and Methods section, we performed further subgroup analysis on the 99 consecutive episodes from 2000 to 2006 for which records on antibiotic sensitivity were available. Forty-nine (49.5%) episodes were caused by methicillin-resistant strains. The incidence of methicillin resistance remained static over the years (Figure 1 ). Episodes that were caused by methicillin-resistant strains had similar primary response rate (91.8 versus 98.0%; P ϭ 0.2) and complete cure rate (65.3 versus 76.0%; P ϭ 0.3) as compared with those that were caused by methicillin-sensitive strains. Even when the subgroup cases that were treated with cefazolin as the first-line antibiotic were analyzed, episodes that were caused by methicillin-resistant and methicillin-sensitive bacteria had similar primary response rate (90.0 versus 97.7%; P ϭ 0.2) and complete cure rate (65.0 versus 72.7%; P ϭ 0.5).
We further analyzed the risk factors of isolating methicillinresistant strains from the patient. Patients with a history of recent hospitalization had a higher risk for isolation of methicillin-resistant strains than the others (66.7 versus 42.0%; P ϭ 0.021). A history of recent antibiotic therapy was also associated with a higher risk (69.7 versus 39.46%; P ϭ 0.04). Patients who developed CNSS peritonitis during hospitalization also had a marginally higher risk for isolation of methicillin-resistant strains than outpatients (62.5 versus 47.0%; P ϭ 0.2), but the result was not statistically significant because the absolute number of in-patient peritonitis was small (16 episodes). Age, diabetic status, Charlson comorbidity score, and concomitant exit-site infection did not affect the risk for isolation of methicillin-resistant strains (data not shown).
Relapse and Repeat Peritonitis
Of the 245 episodes, 33 (14.2%) developed relapse and 29 (12.5%) developed repeat CNSS peritonitis. The time frame of developing repeat peritonitis is summarized in Figure 3 . Twenty (60.6%) of the repeat episodes developed within 3 mo after completion of antibiotics. Peritonitis caused by methicillin-resistant strains had a similar risk for relapse or repeat CNSS peritonitis as compared with the episodes caused by methicillin-sensitive strains (37.5 versus 27.9%; P ϭ 0.35). The initial antibiotic regimen (cefazolin versus vancomycin) had no significant effect on the risk for relapse or repeat peritonitis (32.03 versus 27.9%; P ϭ 0.6). Age, diabetic status, Charlson comorbidity score, concomitant exit-site infection of any bacterium, recent hospitalization, and recent antibiotic therapy did not have any effect on the risk for relapse or repeat CNSS peritonitis (data not shown). Because there were only two cases with concomitant CNSS exit-site infection, its effect on relapse and repeat peritonitis was not analyzed.
Relapse or repeat episodes had a similar primary response rate (91.2 versus 96.6%; P ϭ 0.14); the complete cure rate was significantly lower than the other episodes (54.4 versus 76.6%; P ϭ 0.002). For relapse or repeat episodes, treatment with effective antibiotics for 3 wk was associated with a significantly higher complete cure rate than the conventional 2-wk treatment (83.3 versus 46.7%; P ϭ 0.047).
Discussion
In this study, we found that CNSS peritonitis usually had a satisfactory response to antibiotic therapy. Methicillin resistance is common, but the treatment outcome seems not to be affected when cefazolin is used as the first-line antibiotic. As compared with the conventional recommendation, a 3-wk course of antibiotic can probably achieve a higher cure rate in relapse or repeat episodes.
Our findings are similar but not identical to other reported series. The absolute incidence of CNSS peritonitis was 0.064 episode per patient-year of treatment in our study, as compared with 0.11 to 0.20 episode per patient-year as reported by Zelenitsky et al. (12) . Similarly, Mujais (7) reported that CNSS peritonitis accounted for approximately 30% of all episodes, as compared with 11.4% in our study. Our previous report indicated that although Gram-positive organisms were the cause of PD-related peritonitis in Ͼ40% of our cases (5, 25) , S. aureus and streptococci contributed to a substantial proportion of the cases. Furthermore, distinct decrease in the incidence of peritonitis caused by CNSS was observed in late 1990s in the reports of Zelenitsky et al. (12) and Kim et al. (16) , which corresponded to the initial period of our study. Taken together, these observations suggest that the incidence of CNSS peritonitis declined after the extensive application of flush-before-fill philosophy and disconnect system (26, 27) but remained static thereafter because there has been little technological advance in this area.
In our study, the cure rate was 71%, as compared with 81% in the report of Troidle et al. (10) . In our series, the prevalence of methicillin-resistant strain was 49.5%, as compared with previous reports of 38% by de Mattos et al. (28) , 42% by Kim et al. (16) , and 74% by Zelenitsky et al. (12) . It is well reported that liberal prescription of antibiotics is common among family physicians of Hong Kong (29) , which possibly explains the high prevalence of methicillin resistance in our center. In fact, we find that recent antibiotic use is a major risk factor of isolating methicillin-resistant strains.
It is important to note that we did not prove that cefazolin is as effective as vancomycin for treatment of CNSS peritonitis that is caused by methicillin-resistant strain. Our result, however, does show that in a setting of high prevalence of methicillin resistance, cefazolin remains an effective first-line agent before the bacterial antibiotic sensitivity is available, provided that the treatment is changed to vancomycin once the bacterial isolate is proved to be methicillin resistant. Although it has been argued that this strategy would inadvertently delay the use of effective antibiotic (i.e., vancomycin) in a considerable proportion of patients (18) , our data show that the "delay" has no important clinical consequence. The response to treatment remains satisfactory, and the risk for peritoneal failure was not higher in patients with a "delay" switch to vancomycin (data not shown). Unfortunately, we do not have information on the peritoneal transport characteristics before and after the peritonitis episodes.
Similar to our previous observation on S. aureus peritonitis (25) , most of the repeat episodes of CNSS peritonitis developed within 3 mo after completion of antibiotics. The result is distinctly different from that of our previous study on Enterobacteriaceae peritonitis (30) , which found that repeat peritonitis occurred evenly in 1 yr after the index episode. Theoretically, relapse or early repeat CNSS peritonitis could be the result of catheter infection; however, fewer than 1% of the patients had concomitant CNSS exit-site infection, and exit-site infection was not associated with the treatment response in this study. Our observation is in line with the contemporary dogma that relapses or early repeats of CNSS peritonitis is a result of biofilm formation on the dialysis catheter (31, 32) . Unfortunately, we have no data on the efficacy of oral rifampicin or simultaneous Tenckhoff catheter exchange, which has been shown to be effective in preventing recurrent peritonitis caused by S. aureus (25) and Gram-negative organisms (30, 33) , respectively. Nonetheless, we found that a 3-wk course of antibiotic for relapse or repeat episodes was associated with a higher cure rate than the conventional 2-wk course. This approach somehow agrees with the current Ad Hoc Advisory Committee recommendation for the treatment of S. aureus and Pseudomonas peritonitis (13), both of which have a very high risk for relapse. Although a detailed comparison of relapse rate between bacterial species is beyond the scope of this study, our previous work showed that the relapse rate was 8.6% for S. aureus (25), 8.6% for culture-negative cases (34), 14.3% for Enterobacteriaceae (30) , and 26% for Pseudomonas species (33), whereas it was 14.2% in this report.
There are a number of limitations of our study. Most important, data on antibiotic sensitivity were available only for episodes after 2000. The statistical power is therefore much limited when one analyzes the impact of methicillin resistance on the clinical outcome. Furthermore, the first-line antibiotic for a Gram-positive organism was not allocated in a randomized manner. In short, the regimen was changed from vancomycin to cefazolin in mid-1999 in our center. As a result, it is difficult to dissect the interactions among time effect, first-line antibiotic, prevalence of methicillin resistance, and treatment outcome. The number of episodes that were treated with a 3-wk course of antibiotic is also small, and it represents a highly selected group. Nonetheless, the benefit of a longer course seems to be genuine because these episodes should be the ones with worst prognosis (e.g., slow initial response or concomitant exit-site infection). Further studies would be needed to compare the benefit of prolonged antibiotic with other therapeutic approaches (e.g., simultaneous catheter exchange and rifampicin).
Conclusions
CNSS peritonitis remains a common complication of peritoneal dialysis. Methicillin resistance is common, but the treatment outcome remains favorable when cefazolin is used as the firstline antibiotic, with attention to the sensitivity report and prompt change to vancomycin once methicillin resistance is confirmed by sensitivity assay. A 3-wk course of antibiotic can probably achieve a higher cure rate in relapse or repeat episodes.
